Abstract In a very few years, the video capsule for small bowel enteroscopy has gained widespread clinical acceptance. It is readily ingested, disposable, and allows for a complete, lowinvasive endoscopic examination of the entire mucosa of the small bowel. It is a patient-friendly method and a first-line procedure in the difficult evaluation of obscure gastrointestinal bleeding. It has the highest proven figure of diagnostic sensitivity for detecting lesions of the mucosa, irrespective of aetiology. The limitations of capsule endoscopy include difficulty in localising mucosal lesions anatomically and its restricted use in patients with dysphagia, strictures or motor dysfunction. Strictures, transmural and extra-mural lesions in patients with small bowel Crohn's disease are evaluated by MRIenterography and CT-enterography.
Imaging of the small bowel was, until recently, the responsibility of the radiologist, who, in dedicated centres, offered the patient not just a small-bowel follow-through with single exposures over time, but a dedicated, real-time, fluoroscopic examination of a well-distended small bowel, displayed in double-contrast and documented on spot films [1] . This enteroclysis technique, well accepted by gastroenterologists, significantly improved both the detection of mucosal disease and the mapping of involved bowel segments. However, the duration of the examination, discomfort related to nasojejunal intubation and infusion of large volumes of contrast and distension materials, be it methyl cellulose or air [2] , reduced general acceptance and dissemination of this method [3] .
A complete endoluminal examination was until recently only possible with intra-operative endoscopy, and limited Sonde enteroscopy [4] . Hence the mucosa remained difficult to inspect visually due to the length and complexity of the small bowel until the wireless, per-oral video capsule for enteroscopy, VCE, was introduced at the 2000 Digestive Diseases Week in San Diego, California [5] . Since then, more than 340,000 examinations (Given Imaging Ltd., Yoqneam, Israel, Spring 2006) have been performed worldwide with an overall complication rate of only 0.75% [6] . Based on meta-analyses of published clinical results VCE has evolved to be the first-line procedure in many hospitals [7] [8] [9] [10] [11] [12] [13] , keeping small bowel radiology as the method of choice for patients who cannot take the capsule [13] . In order to understand the diagnostic algorithm of modern small bowel examination, we will discuss the video capsule technique, its indications and contraindications, advantages and disadvantages, types of true and false lesions and comparative studies of VCE and radiological methods of investigation of the small intestine.
The video capsule
VCE was primarily developed for examination of small bowel mucosa [14, 15] . Rapid technical refinement has since resulted in a dedicated capsule for the oesophagus, and recently capsules for the study of both stomach and colon [16] .
The capsule measures 11 by 27 mm and includes a light source and a camera inside a clear, transparent dome, batteries and a radio-transmitter (Fig. 1) . Whilst ushered forward by peristalsis the capsule transmits images continuously at two frames per second for around 8 h, a total of more than 60,000 images. The image has a 140°f ield of view, a focus depth of 1-30 mm, and an 8:1 magnification [17] . An array of eight external detectors, applied to the abdominal wall, receives the images for storage in a solid-state data recorder. The recorder is powered by two 5D cell silver-oxide batteries (Fig. 2) . The video is subsequently downloaded into a computer workstation for evaluation.
The examination is presented as a continuous video film in single or multiple picture view, thus reducing the time of reading at the workstation from around 90 min down to 45 min [18] . The software is constantly upgraded and the latest version includes a localising system (Fig. 3 ) as well as a blood (red colour) detector capability.
The procedure
The procedure is considered easy by patients, is noninvasive, and usually performed as an ambulatory examination. After a 12-h fast the patient ingests the capsule with a whole glass of water, leaves the department after 15 min and is encouraged to conduct a regular daily activity. Free liquid is allowed after 2 h, and food after another 2 h. The trans-pyloric time ranges from 8-184 min, average 61 min, the small bowel transit time, 183-393 min, average 251 min, and the time to the caecum is 4-48 h [17] .
An incomplete VCE may be caused by gastric retention, slow bowel transit and residual small bowel content blurring vision [19] . Efforts are being made to control the transit of the capsule and to optimise cleansing of the small bowel [20, 21] . The consensus at this point is that the use of bowel preparations and pro-kinetics may reduce the number of failed examinations, but the optimal solution has yet to be found [22] .
Scope and limitation of VCE imaging
As the optical parameters of the capsule provide superb images of the mucosal lining with high resolution down to an individual villous structure, even a limited number of missing villy is regularly disclosed as a minimal area of denudation. The clinical importance of such findings are Fig. 1 Given M2A capsule indicating the main components: lens and camera, batteries and the radio transmission device to the right Fig. 2 The components of the Given capsule system: (1) capsule, (2) external receiving antenna, (3) solid state data recorder and (4) carrying belt Fig. 3 Screenshot from the dedicated image reviewing software still unclear and under investigation. It expresses, however, the potential of VCE to depict superficial and tiny lesions. Mucosal lesions such as oedema, erosions, aphtae or ulcers of various depth are well displayed by VCE imaging [23] . What is more, any change in colour, surface structure and gut lumen width facilitates lesion detection by VCE as with classical endoscopy. Further lesions include angiodysplasia, haemangioma, varices, anastomotic strictures, benign, early and advanced malignant tumours [24] .
Lesions beyond the mucosal lining cannot be diagnosed by VCE. Thus, extra-mucosal small bowel wall disorders, be it leiomyoma, carcinoid tumour or GIST, cannot be distinguished from an abutting, true extra-intestinal lesion, as any dislocation of a bowel loop is unobtrusive at VCE. Indentations of the bowel are notoriously difficult to assess as extrinsic or intramural processes. Furthermore, functional aspects of small bowel, viz. motility disorders, fixation, stiff segments, etc., cannot be evaluated on a VCE study.
Indications and results for VCE

Small bowel bleeding
The prime indication for VCE is investigation of occult gastrointestinal bleeding (OGIB) [25] . Today its role has widened to include any disease or condition related to the mucous membrane of the small bowel. Some indications are now evidence based, while others are less well established (Fig. 4) .
In patients with gastrointestinal bleeding, obscure, occult or macroscopic, multiple VCE series have shown a significant increase in the diagnostic yield (Fig. 5 ) over other imaging modalities, ranging between 39% and 90% [26, 27] . As it has also been shown that the yield increases with a narrowing time gap between the bleeding episode and the VCE, an international consensus group proposed a reversed order of examinations after negative classical endoscopies, i.e., VCE before any enteroscopy. Based on published results the sensitivity of VCE in small bowel bleeders is approximately 90% and the specificity 95% [28] .
Several prospective, controlled trials on the comparative clinical importance of VCE in the management of patients with small bowel haemorrhage have shown that VCE has the highest diagnostic yield and is significantly superior to small bowel radiology as well as to push enteroscopy [26] [27] [28] [29] . In patients with OGIB, VCE has a calculated incremental yield over push enteroscopy and small bowel barium radiology for clinically significant findings of ≥ 30%, mainly ascribed to visualisation of additional vascular and inflammatory lesions by VCE [22] . However, small bowel radiology still results in a change in clinical management in approximately 10% of patients, although its overall positive yield may be less than 20% [30] .
Small bowel Crohn's disease VCE signs of early Crohn's disease include minute mucosal lesions such as villous denudation, aphthoid ulcerations, or erosions distributed from the pylorus to the (Fig. 6 ). These are diagnosed significantly more often by VCE than by any radiographic method, including CT-enteroclysis [31, 32] . "New" lesions, compatible with Crohn's disease, but not identified by other imaging modalities, may be revealed in 40% to 65% of VCE examinations [33] . A consensus group estimated the incremental diagnostic yield to range between 15% and 44% [34], at least for detecting the mucosal breaks of early Crohn's disease.
In patients with known Crohn's disease, additional lesions not detected by other modalities may be disclosed by VCE in 47% of cases and lesions detected by other modalities may be ruled out in 16% of cases [35] .
As Crohn's disease most often expresses itself in the distal part of the small bowel, visualisation of the terminal ileum and the ileo-cecal valve is best gained by ileocolonoscopy and CT-enteroclysis [36] .
The clinical impact of the documented increase in the quantity of lesions and their axial spread, unveiled by VCE in patient with Crohn's disease, has yet to be shown. However, repeat VCE may guide therapy by documenting mucosal response to medical and surgical treatment of known disease [34] .
In patients with Crohn's disease, complicating strictures are frequently found. These patients are excluded from a capsule enteroscopy, a fact that has to be considered when comparing results from various investigative modalities. Up to an 8% risk of capsule impaction in a complicating stricture has been reported [6, 37] . Nevertheless, VCE seems to be slightly more sensitive than MR-enteroclysis in both suspected and in established Crohn's disease. On the other hand, MRI is pre-eminent in imaging the degree of inflammation, in identifying transmural Crohn's disease, in showing the existence of strictures, enteric fistulae, and secondary mesenteric manifestations [38] [39] [40] [41] . The corresponding ability of VCE to delineate transmural complications is limited, as VCE cannot disclose changes in the mesenteric fibro-fatty tissue, hyperaemia and involvement of the lymphatic systems. It seems therefore justified to conclude that VCE, enteroclysis with MRI and CT are complementary tools for a global understanding of small bowel Crohn's disease [42, 43] , the first capable of detecting mucosal lesions [44] , the latter two transmural and extra-intestinal manifestations [45, 46] . CT-enteroclysis has been reported to have less favourable results [47] .
VCE in children with suspected Crohn's disease is usually successful [48, 49] . The capsule can be ingested by children above the age of 8 years, but has to be deposited endoscopically into the duodenum in younger patients.
Based on accumulated clinical data gastroenterologists consider VCE cost effective in patients with Crohn's disease through early diagnosis and treatment [50] .
Inherited polyposis syndromes
Not only the large bowel and rectum, but also the small bowel is afflicted in patients with inherited polyposis syndromes. Although the majority of the polyps are insignificant in size, some are big (Fig. 7) , and the sheer number of lesions puts the patient at an increased risk of malignancy. It is therefore important to include the small Fig. 7 Adenomatous polyp in the jejunum in a patient with familial adenomatous polyposis Fig. 6 Crohn's disease with fibrinous ulcerations of the mucosa bowel in a survey programme for these patients. The VCE offers such a diagnostic capability [51, 52] .
Drug effects
Drug-induced enteropathy, for instance related to NSAID use, is seen as mucosal erythema, erosions, small ulcers and web-like strictures, and can be readily diagnosed and monitored by VCE [53] .
Small bowel tumours
The majority of VCE-detected small bowel tumours has been diagnosed in patients examined for occult gastrointestinal bleeding, with an increase in yield from 3% before the VCE to 8% thereafter [54] .
Celiac disease
In celiac disease, a gradual decomposition of the villous structures is seen (Fig. 8) , viz. from scalloping and mosaic pattern down to complete villous atrophy, i.e. flat, nodular mucosa without folds [55, 56] . As VCE provides images with a high definition and magnification, it readily unveils not only the quantity and quality of these lesions, but also their distribution. VCE has thus the potential to monitor treatment in patients with known disease and to be a confirming test in sero-positive patients [57] . Furthermore, VCE has the utility of delineating ulcerative jejunitis and complicating small bowel lymphoma.
Abdominal pain
The role of capsule endoscopy in patients with chronic abdominal pain and/or irritable bowel syndrome-like symptoms is still unclear, as the diagnostic yield in these cases is low [37] .
Patency capsule
Patients with severe dysphagia and delayed pyloric transit may have the capsule deposited in the duodenum via gastroscopic intubation. Patients with known or suspected small bowel stenosis, and those having had extensive abdominal surgery, are recommended to have a patency test with a radio-opaque, sham capsule prior to a planned VCE [58] . This "patency capsule", equal in size to the diagnostic capsule, contains a radio frequency identification tag. If it becomes impacted, it is designed to dissolve and pass on through the stricture. A free passage is proven by the delivery of the capsule within 40 h and/or proved absent by abdominal fluoroscopy or external scanning after 36 h. A retained patency capsule indicates a stenosis, and a planned VCE may have to be cancelled [18] . However, initial studies indicate that the patency capsule can itself get impacted due to incomplete dissolving.
Until more experience has been gained, VCE should be avoided in pregnant patients and in patients requiring MR imaging before the capsule is expelled. The risk that the capsule might interfere with the function of a pacemaker is probably low [59] , and no clinical cases have been reported.
Algorithm of examination procedures
Based on the 1% overall risk of a capsule getting stuck [6] and the proven shortcomings of radiology of the small bowel to exclude a stricture, the medical community of gastroenterologists today discusses the use of VCE as a first line investigation of the small bowel, at least after a patency test, instead of being last in line [6, 60] .
Further aspects of VCE and radiology
In the pre-capsule era, the diagnostic work-up in patients with unexplained iron-deficiency anaemia included radiology of the small bowel, most often conducted as a tube enteroclysis or dedicated single-contrast enterography, with a diagnostic yield of 10% to 20% only [61] . The documented increase in diagnostic yield after the introduction of the VCE in 2001 resulted in its rapid clinical Fig. 8 Typical mucosal scalloping in a patient with coeliac disease acceptance for investigation of patients with recurrent gastrointestinal bleeding of obscure origin, primarily in those with negative small bowel barium enema studies [62] , gastroscopy and colonoscopy [51] . The inferior results achieved by radiology may be attributed to perceptional errors by the radiologist or enterographic studies being technically suboptimal [63] .
Positive findings on enteroclysis include cases with motility disorder and mucosal abnormalities, adhesions, filling defects and masses, strictures and small bowel diverticulosis [64, 65] . The apparent superiority of VCE over enterographic studies may, at least in part, be due to selection bias, as patients with positive radiologic findings often are excluded from VCE [66] . Thus a comparison of diagnostic yields between VCE and MR-enteroclysis in 52 consecutive patients with small bowel Crohn's disease was impaired due to bowel strictures in 14, who had to be excluded from capsule enteroscopy. Of the remaining 27 patients, VCE and MRI detected small bowel Crohn's disease in 93% and 78% respectively [45] .
The highest diagnostic yield of small bowel radiologic studies is found in patients with obscure bleeding, but normal upper and lower gastrointestinal tract endoscopies and with symptoms related to the tract. No other clinical parameter has been shown to be associated with a positive small bowel study [63] .
The future of VCE Although conventional endoscopic examinations, i.e. push-enteroscopy, and ileo-colonoscopy, are less sensitive for revealing obscure small bowel lesions, these procedures will remain first line techniques due to their general availability and their provision of simultaneous treatment [67] . Sonde-enteroscopy, as a method for examining the entire small bowel, is today replaced by VCE, whereas virtual enteroscopies based on CT and MRI are still experimental. However, the VCE system is undergoing rapid technical improvements that may relegate pushenteroscopy and intra-operative enteroscopy to those cases in which biopsies or therapy are required. At the same time enteroscopes for total enteroscopy are also improved and may become more widely available, allowing biopsies and therapy in all segments of the small intestine, without the need for operative intervention [68] . A capsule technique for real time visualisation of the small bowel mucosa has been launched recently. Furthermore, in the future, it is anticipated that the capsule may feature cytological and chemical sampling of the small bowel and be used for delivery of medication to specific disease sites [69] .
The advent of double-balloon enteroscopy [70] has opened the field of endoluminal studies of the small bowel even further. However, the method is difficult to master and time-consuming, and therefore mainly used for endoscopic treatment of VCE findings.
Clinical experience of the continuously improved wireless capsule for enteroscopy will soon establish its advantages and limitations in terms of sensitivity and specificity. It is expected that the number of cases with missed lesions due to retained intestinal debris, rapid and delayed transit of the small bowel and camera orientation away from a lesion will be reduced [71] . A stricture that causes a downstream lesion to be missed at VCE may not be clinically relevant if the stricture requires surgery. Otherwise, accurate radiologic investigation will be required to characterise areas of narrowing seen at wireless capsule endoscopy [3] .
Summary
The clinical importance of minute lesions and superficial mucosal breaks, without other signs of disease or ongoing bleeding, shown by VCE are being questioned as further characterisation for a precise diagnosis is difficult or even impossible. Superficial ulcers and their precise location may in some instances be better characterised with doublecontrast enteroclysis performed after wireless capsule endoscopy. In sporadic patients, VCE-suggested Crohn's disease cannot be confirmed at subsequent enteroclysis or at surgery, and NSAID ulcers have been seen with doublecontrast enteroclysis performed after a VCE with negative findings. Hence, in order to better localise lesions, to subtype different disease manifestations and to triage patients adequately to medical or surgical treatment, accurate radiologic investigation may still be required. Double contrast enteroclysis and CT enteroclysis will provide accurate information in certain patients [3] .
With such single cases taken into account, the VCE is the examination of choice for the small bowel [72, 73] . The disposable capsule is readily ingested and allows for a complete, non-invasive endoscopic examination of the mucous membrane of the entire small bowel. It is a patient-friendly method for reliable detection of mucosal disorders and a first line procedure in the difficult evaluation of obscure gastrointestinal bleeding. It has the highest proven figure of diagnostic sensitivity for detecting lesions of the mucosa (Fig. 8) irrespective of aetiology [74] . The only limitations of capsule endoscopy include difficulty in localising mucosal lesions anatomically and its restricted use in patients with strictures or motor dysfunction. By choosing MRI as a complementary means in diagnosing small bowel Crohn's disease, transmural and extra-luminal lesions, as well as strictures, may be ruled in and ruled out [45] .
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